A certain type of neuronal death in the brain subjected to ischemia is linked to glutamate neurotoxicity (Ca 21 in flux through N-methyl-D-aspartate receptor-operated ion ic channel) and the subsequent Ca 21 influx into neurons through voltage-dependent Ca 21 channels (1). Therefore, it is widely accepted that an excessive Ca 21 influx into neu rons plays a key role in the neuronal death resulting from brain ischemia (2), although the cellular events after an ex cessive influx of Ca 2' are not fully elucidated. Further more, there is little information concerning the relation ship between Ca 21 influx and reactive oxygen species (ROS) formation (or the oxidative metabolism), although ROS may also be involved in ischemic and/or postischem ic brain damage (3, 4).
First, in this study, we have examined the effect of ionomycin, a Ca 2+-ionophore, on the oxidative metabo lism of brain neurons to see if an excessive Ca 21 influx affects the oxidative metabolism by using two fluorescent dyes, 2',7'-dichlorofluorescin (5, 6) to monitor oxidative metabolism and fluo-3 (7) to monitor the intracellular Ca2+ concentration ([Ca 2+]i). Secondly, the effect of an extract of Ginkgo biloba leaves (EGb) on ionomycin-in duced change in the oxidative metabolism was studied. These investigations may give some insights into the cellu lar basis of the beneficial effect of EGb in the brain sub jected to ischemia and/or hypoxia (8, 9) since EGb was reported to reduce the steady level of oxidative metabo lism in brain neurons without loading Ca 21 (10).
Experimental methods for the dissociation of rat cer ebellar neurons and the fluorescence measurements using a flow cytometer and fluorescent dyes, fluo-3-AM (Dojido Laboratory, Kumamoto) and 2',7'-dichlorofluorescin diacetate (DCFH-DA; Molecular Probe, Inc., Eugene, OR, USA), were similar to those described in previous studies (10, 11) . In brief, the brain slices of cerebellum dissected from 10 to 14-day-old Wistar Kyoto strain rats were treated by dispase (1000 PU/ml; Godo Shusei, Tokyo) for 50-60 min at temperature of 34-35 C. After enzymatic digestion, cerebellar neurons were dispersed by gentle pipetting in Hepes-buffered Tyrode's solution. The cell suspension was passed through a filter (a mesh diam eter of 53 um) before application to the flow cytometer (Cyto ACE-150, Japan Spectroscopic Co., Tokyo). As described in the previous study (11), the live neuron popu lation in the cell suspension was identified on the cyto gram (cell size versus cellular density) by the use of acri dine orange (Chroma-Gesellshaft, Kongen, Germany) and ethidium bromide (Molecular Probe Inc.). To esti mate the [Ca2+]i and the oxidative metabolism of dis sociated neurons, the respective dye, 300 nM fluo-3-AM or 100 pM DCFH-DA, was added to the cell suspension (10, 11). Before any fluorescence measurement, the neu rons were incubated with the respective dye for 50-60 min at 35 361C to load the dye into the cells. The excita tion wavelength was 488 nm elicited by the argon laser of a flow cytometer and the emission was detected at the wavelength of 510-550 nm in both cases. Fluorescence histograms were obtained from a programmed number of neurons (4000 or 5000 cells) by using the software deve loped by Japan Spectroscopic Co. and a personal com puter (PC-9801RX, NEC, Tokyo). The fluo-3 fluores cence was calibrated to the [Ca 2+]i by the method using ionomycin and Mn2+ (7). 2',7'-Dichlorofluorescin (DCF) fluorescence, in arbitrary units, was used for estimating the oxidative metabolism (6, 10).
lonomycin, a Ca 21 ionophore, at concentrations of 30 nM or less did not produce any change in the DCF fluores cence profile of dissociated neurons as shown in Fig.  1A (a). However, ionomycin started to move the fluores cence histogram to a higher intensity direction at 100 nM ( Fig. 1A(b) ), indicating an augmented oxidative metabolism in the neurons. The ionomycin-induced increase in the DCF fluorescence reached a steady state within 10 min after adding ionomycin. Further increase in the concentration of ionomycin (300 nM and 1 1eM) induced an obvious augmentation of DCF fluorescence (Fig. IA, (c) and (d)). The dose-response curve for ionomycin in augmenting the DCF fluorescence of the neurons is shown in Fig. 1E . Augmentation of DCF fluorescence by 1 , €M ionomycin was not observed under the external Ca2+-free condition (not shown), suggesting an involvement of Ca 21 -influx in the ionomycin-induced increase in the oxidative metabolism of dissociated neu rons. Ionomycin at 100 nM or more dose-dependently augmented the intensity of the fluo-3 fluorescence of dis sociated neurons, indicating a concentration-dependent increase in the [Ca 2+]i. It seems that the elevation of [Ca 2+]i by ionomycin precedes the increase in oxidative metabolism since the time course for ionomycin in increas ing the fluo-3 fluorescence was more rapid than that in augmenting the DCF fluorescence ( Fig. 2A) , although there is a good correlation between the augmented DCF fluorescence and the increased [Ca 21]i calibrated from the fluo-3 fluorescence in the presence of ionomycin at the con centrations of 100 nM to 1 pM (Fig. 2B) . The coefficient of correlation between them was 0.99. Therefore, the ex cessive Ca 21 influx into brain neurons leads to a great in crease in the oxidative metabolism. Although the mecha nism for Ca2+-induced increase in the DCF fluorescence was not elucidated in this study, the pretreatment with W 7 at the concentration of 30 pM for 60 min greatly reduced the ionomycin-induced augmentation in the DCF fluorescence of brain neurons. Thus, the DCF fluores cence was increased by 1 pM ionomycin from 56.7 ± 1.2 to 230.0± 1.0 (mean of the peak value of the fluorescence histogram ±S.E. in three experiments) in control neu rons, while it increased from 70.3 ±2.5 to 91.0± 10.1 in the neurons pretreated with W-7. The result suggests an in volvement of a calmodulin-denendent nrocess_ The extract of Ginkgo biloba leaves (EGb), obtained from Japan Greenwave, Ltd. (Tokyo), at concentrations ranging from 0.1 pg/ml to 3 pg/ml dose-dependently decreased the resting level of DCF fluorescence in dis sociated neurons, suggesting that EGb may reduce the content of hydrogen peroxide or may suppress the ROS formation at the resting level (10). In this study, we have examined the effect of EGb on the ionomycin-induced augmentation of DCF fluorescence. Dissociated neurons were incubated with EGb at the concentration of 3 pg/ml for 60 min. Thereafter, DCFH-DA was added to the cell suspension. Therefore, the effect of EGb on the neurons was examined at 120 min after adding EGb to the cell sus pension. As shown in Fig. 3A , the intensity of DCF fluorescence obtained from dissociated neurons incubated with 3 ig/ml EGb for 60 min was lower than that in the control (10). Thus, the mean intensity of DCF fluores cence decreased from 54.4±1.5 to 11.3±4.0 (mean of peak value of fluorescence histogram ±S.E. in three ex periments). Although 1 pM ionomycin increased the inten sity of DCF fluorescence even in the presence of EGb (Fig. 3B) , the fluorescence augmented by ionomycin was still lower than the resting level of fluorescence obtained in the control (Fig. 3C) . The mean intensity of DCF fluorescence increased by 1 pM ionomycin was 52.6-L2.2 in the pretreatment with 3 beg/ml EGb, while it was 54.4± 1.5 under the control condition. EGb at 3 pg/ml did not affect the increased level of fluo-3 fluorescence in tensity by ionomycin (Fig. 3D) . Thus, EGb did not seem to affect the ionomycin-induced increase in the [Ca 21]i of dissociated neurons. It was unlikely that EGb affected the cellular content of DCFH in dissociated neurons since ex ternally-applied hydrogen peroxide (3 mM) greatly aug mented the DCF fluorescence of the neurons incubated with EGb, being similar to that without EGb (Fig. 3E) . Therefore, the results suggest that EGb also reduces the Ca2+-induced increase in the oxidative metabolism of dis sociated neurons. DCFH-DA diffuses across the cell membrane and is then trapped within the cell by deacetylating of this com pound to DCFH. DCFH is oxidized by intracellular hydrogen peroxide and other cellular oxidants (not iden tified) to a highly-fluorescent compound (DCF) (5). This property of DCFH has been utilized to estimate the forma tion of ROS (or hydrogen peroxide) or the oxidative metabolism in leukocytes (6). In dissociated rat cerebellar neurons, diethylditiocarbamate, an inhibitor for super oxide dismutase, greatly reduced the intensity of DCF fluorescence, suggesting that intracellular hydrogen per oxide is largely involved in DCF fluorescence (Y. Oyama et al., manuscript in preparation). Therefore, DCF fluo rescence is useful for estimating the agents affecting the formation of ROS or the oxidative metabolism in brain neurons as suggested in a previous study (10).
There is a correlation between excessive Ca2+ influx and increased intensity of DCF fluorescence in dissociated brain neurons (Fig. 2) . As suggested above, intracellular hydrogen peroxide is thought to be involved in the oxida tion of DCFH (5, 6). Hydrogen peroxide is an intermedi ate in ROS formation. Thus, superoxide anion is convert ed to hydrogen peroxide (12). Hydrogen peroxide also contributes to brain injury and brain edema following cerebral ischemia (13, 14) . Furthermore, hydrogen peroxide in the presence of Fe 3+ and superoxide anion is partly converted to hydroxy radicals which are highly reac tive with membrane phospholipids (13). Therefore, the ex cessive Ca 21 influx into the brain neurons in ischemia and/or postischemia may lead to a great increase in ROS formation or oxidative metabolism that contributes to brain injury. We have previously revealed that EGb dose dependently decreases the resting level of oxidative metabolism in brain neurons (10). From the results (Fig. 3) , it seems that EGb also reduces the oxidative metabolism (or the formation of ROS) augmented by an excessive Ca 21 influx in dissociated neurons without affecting the increased level of [Ca 2+]i. These observations have important implications on the protective action of EGb in the brain subjected ischemia and/or hypoxia (8, 9) because an excessive influx of Ca 21 into the neurons in ischemic and/or postischemic brain plays a key role in neuronal death (1, 2). The flavonoid constituents of EGb have been shown to lower the concentration of super oxide anion generated by phenazine methosulfate and NADH (15). Such an action of EGb may underlie the cel lular basis of beneficial effect of EGb on the brain suffered by ischemia and/or hypoxia. Therefore, the use of EGb in the combination with an antagonist for N-methyl-D aspartate receptors (or a blocker for ionic channels) and/or an organic Ca 2+ antagonist may exert a profound protective action on the brain neurons suffering from ischemia and/or hypoxia.
